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INTRODUCTION
The population of Sarasota County in southwestern Florida ( fig. 1 ) is expected to increase from 238,000 in 1985 to 387,000 in 2010 (Bureau of Economic and Business Research, 1985) . To accommodate this growth and the accompanying demand for water, it is estimated that the county will need to supply an additional 36 Mgal of water per day by 2010 (Dames and Moore, Inc., 1985) . Sarasota County is currently investigating the water-supply development potential of the Ringling-MacArthur Reserve, a 33,000-acre tract in the central part of the county. The Myakka River, which forms the western border of the Reserve ( fig. 1 ), is being considered as a potential source of water for municipal supply.
The Myakka River is the smallest of the three major tributaries to Charlotte Harbor ( fig. 1 ). Average freshwater inflow from the Myakka River basin to Charlotte Harbor is estimated to be about 10 percent of the total freshwater inflow to the harbor (Hammett, 1990) . Withdrawing freshwater from the Myakka River, or its tributaries, will reduce inflow to the harbor and alter salinity patterns in the tidal reach of the river.
Salinity is a critical factor affecting the existence of many estuarine organisms. Changes in salinity patterns can cause changes in biological systems that could have long-term detrimental effects on the ecological balance of the tidal reach of the Myakka River. To evaluate the potential environmental consequences of using the Myakka River as a source of water supply, it is essential to understand the relation between freshwater inflow, tidal movement, and salinity patterns. An analysis of the interaction of these factors is needed by water-resource planners and managers before development of additional water supply from this source can proceed. To obtain the needed information, the U.S. Geological Survey entered into a cooperrative study with Sarasota County. Prior to that, tide-stage and salinity data for the study area were collected by the U.S. Geological Survey, in cooperation with the Florida Department of Environmental Regulation, as part of an environmental assessment of Charlotte Harbor. This report provides results of a study of streamflow, tide, and salinity patterns in the tidal reach of the Myakka River, including a mathematical expression describing saltwater movement as a function of measured streamflow and tide. The results are based on data collected between 1983 and 1987. A salinity of 0.5 ppt was selected to define the transition from freshwater to saltwater. An equation that describes the farthest upstream movement of the 0.5-ppt line as a function of daily mean freshwater inflow and height of high tide was developed using multiple linear-regression analysis. Duration analyses of data from continuous-record streamflow, tidal stage, and conductivity stations were used to describe the existing freshwater inflow, tide, and salinity characteristics of the tidal reach of the Myakka River. Daily tide and streamflow records were used in the regression equation to produce duration analyses of the farthest upstream movement of the 0.5-ppt line of equal salinity during the period 1983-87. The regression equation also was used to estimate the change in location of the 0.5-ppt line of equal salinity that would result from diverting 5, 10, or 25 percent of the streamflow at the upper end of the tidal reach while at the same time maintaining the minimum allowable flows in the Myakka River.
AREA DESCRIPTION
The Myakka River is in the coastal lowlands of west-central Florida and drains an area of 602 mi ( fig. 1 ). Its headwaters are in eastern Manatee County near Myakka Head. The river flows in a southerly direction through Upper and Lower Myakka Lakes and Manatee, Sarasota, and Charlotte Counties before emptying into the northwestern corner of Charlotte Harbor. Although the river tranverses a linear distance of only about 50 mi, the distance along the meandering channel from headwaters to river mouth is more than 70 river miles.
The river channel is incised in a flat, broad, heavily vegetated flood plain. Land-surface elevations range from a maximum of about 115 ft above sea level near the headwaters to sea level at the mouth. In the upper reaches, the basin has a slope of about 5 ft/mi. Near the mouth, the slope is less than 1 ft/mi. Surface depressions, marshes, and swamps within the Myakka River basin provide large storage areas for overflow. The flat topography, combined with large storage areas, tends to produce very gradual rises and recessions in streamflow. In some areas of the basin, dikes have been constructed to protect agricultural land from perennial flooding.
The tidal reach of the Myakka River extends more than 25 mi upstream from the mouth at Cattle Dock Point and generally is quite shallow. Near center channel, the depth of the river typically ranges from 4 to 8 ft. There are some points near the mouth with depths of more than 15 ft, but the river is less than 1 ft deep near the upstream end during low flows. Upstream from Snook Haven Fish Camp ( fig. 2 , station 5), the channel is fairly well incised and is less than 50 ft wide in some places. Downstream from U.S. Highway 41 ( fig. 2 , station 6), there are broad expanses of saltmarsh, and the river is more than a mile wide near the mouth.
Within the tidal reach, three subreaches can be defined. The boundaries of these subreaches vary depending on the interaction of tide and freshwater inflow. At the downstream end of the tidal reach is an estuarine subreach that has both tidal fluctuations and flow reversals as well as salinity concentrations that range from slightly brackish to that of seawater. During periods of low freshwater inflow, the estuarine subreach may extend from the mouth to Border Road 
PHYSICAL PROCESSES IN THE TIDAL REACH
In the tidal reach, the interaction of freshwater inflow, ocean tides, wind, channel geometry, and density differences all affect the movement of water. Freshwater inflow and astronomical tides, which are discussed individually in the following two sections, have the most significant effect. Most of the time, interacting forces in the tidal reach of the Myakka River inhibit stratification and promote the mixing of freshwater with saltwater. Because of the flat slope of the tidal reach, freshwater inflows tend to have low velocities. The shallowness of the channel increases the frictional effects from the channel bottom and also makes the tidal reach more susceptible to wind-induced mixing. The difference in density between saltwater and freshwater causes partly or fully stratified conditions only when high freshwater inflows meet strong opposing tidal currents, in which case, the lessdense freshwater overlies the heavier, tidally driven saltwater.
Freshwater Inflow
There are three potential sources of freshwater inflow, all of which are ultimately derived from rainfall: (1) groundwater se ;page and inflow; (2) rain falling directly onto the surface of the ti( al reach; and (3) basin runoff or incoming streamflow.
T icre is no direct way of measuring ground-water seepage in the tidal reach. ROMP well 19 WS near Sarasota ( fig. 2 ) is about 1.25 mi east of the river channel in the Ringling-MacArthur Reserve and is the nearest surficial aquifer monitoring site. Comparison of the hydrograph for that well with stage record for the Myakka River near Laurel shows that water levels in the surficial aquifer near ROMP 19 are 10 ta 15 ft higher than the Myakka River during periods of low ilow. This hydraulic gradient indicates a potential for flow from the surficial aquifer system to the river. There has been no detectable flow in the river, however, during some of the times when this 10-to 15-ft gradient was observed. This would indicate that, despite the gradient, the contribution from the surficial aquifer system is limited.
Warm Mineral Springs and Little Salt Spring ( fig. 2 ) are sources of discharge from the Floridan aquifer (Joyner and Sutcliffe, 1976; Rosenau and others, 1977) that empty into tributaries to the tidal reach of the Myakka River. There may be other smaller springs of this type in the area that are filled with debris and, therefore, not noticeable at ground surface. It is probable that any spring flow or artesian ground-water seepage is mineralized and, therefore, negligible as a source of freshwater inflow.
Normal annual rainfall Basin runoff, or incoming streamflow, is the primary source of freshwater in the tidal reach of the Myakka River. Estimates of runoff and streamflow are based on data from continuous-record gaging stations. A description of the data-collection network and the characteristics of streamflow follows.
Data Network
Continuous-record streamflow stations used in this study are listed in table 1 and shown in figure 2. The station near Laurel ( fig. 2, station 3) originally was intended as a continuous-record streamflow station, but when it was determined that the flow at the site was tidally affected during most of the year, a station was installed farther upstream at the control near Laurel ( fig. 2, station 2) . In addition to the stations listed, there are others in the Myakka River basin that have been either discontinued or are outside the area of interest. Streamflow also has been measured occasionally at miscellaneous locations throughout the basin (Flippo and Joyner, 1968; Hammett, 1985) .
Estimates of streamflow entering the tidal reach of the Myakka River are based primarily on more than 50 years of record at the long-term gaging station near Sarasota ( fig. 2 where STAGE AT CONTROL = water-surface elevation at the Myakka River at the control near Laurel, in feet above sea level (estimated gage datum is 1.5 ft above sea level), STAGE AT SARASOTA = water-surface elevation at the Myakka River near Sarasota, in feet above sea level (gage datum is 7.92 ft above sea level).
The where STAGE AT CONTROL and STAGE AT SARASOTA are defined as in equation 1, STAGE AT LAUREL = water-surface elevation at the Myakka River near Laurel, in feet above sea level (estimated gage datum is 0.0 ft above sea level).
Frequency Analyses
A low-flow frequency distribution for the long-term gaging station at the Myakka River near Sarasota ( fig. 2 , station 1) is presented in table 2. The distribution is based on daily mean flows for the period of record through 1987. The 2-year recurrence interval, 14-day low flow is 0 ft /s, which means that, in any year, there is a 50-percent chance that there will be no flow at the site for 14 consecutive days. The 10-year recurrence interval, 90-day low flow is also 0 ft /s, which means that, in any year, there is a 10-percent chance that there will be no flow for 90 consecutive days.
An estimated low-flow frequency distribution for the gaging station at the Myakka River at the control near Laurel ( fig. 2 , station 2) is presented in table 3. The distribution was computed by first converting the discharges at the long-term station near Sarasota (table 2) to stages using the latest station rating. Equation 1 was then used to estimate stage at the Myakka River at the control near Laurel. The stagedischarge rating at the control was then used to produce estimates of discharge for selected recurrence intervals and consecutive-day periods. This procedure is subject to inaccuracy because of the error in the stage-discharge ratings and the error in equation 1, and the resulting distribution should be used with discretion. The procedure does provide a way of estimating a distribution at the upstream end of the tidal reach until a longer period of record becomes available at the control.
The frequency distribution in table 3 does conform to the observed characteristics of flow at the control. During periods^ of low flow, discharge at the long-term station near Sarasola is frequently higher than the discharge downstream because water is held in storage in Lower Myakka Lake where evaporation and vegetative transpiration remove water. Based on the estimated frequency distribution, in any year, there is a 20-percent chance that there will be no flow at the control for 90 consecutive days.
Duration Analyses
Duration analyses of daily mean streamflow, by month, are presented in table 4 for the long-term station near Sarasota ( fig. 2 , station 1). Also shown are monthly mean, high, and low values. The median (50th percentile) streamflow is substantially lower than the mean in all cases. This indicates that colnputed averages are strongly affected by infrequent high fl<()ws, and thus, the computed average is not representative of [typical flow patterns at the station. Characteristically, the lowest streamflows occur in May. During the period of record, 50 percent of the daily mean flows in May were less than or equal to 2.7 ft /s, and 75 percent of the daily mean flows were less than or equal to 24 ft /s. For all months from December through July, the recorded minimum flow at the station was 0 ft /s. Based on the record for all days, the daily mean flow at the station was less than 8.9 ft3/s 25 percent of the time.
Estimated duration analyses of daily mean streamflow for the Myakka River at the control near Laurel ( fig. 2 , station 2) are presented in table 5. The estimates were derived using the same method presented in the discussion of low-flow frequency. Streamflows in table 4 were converted to stage using the most recent stage-discharge rating. Equation 1 was then used to estimate stage at the control, and the stagedischarge rating at the control was used to convert the results from equation 1 to discharge. The estimates in table 5 conform to the observed characteristics at the station. During most of the year, the discharge at the control was greater than at the upstream long-term station. But during periods of low flow, discharge at the control was less than that upstream, most likely due to water storage and subsequent evaporation 
Tides
Astronomical tides can be categorized into the following types: (1) diurnal, (2) semidiurnal, and (3) mixed (Manner, 1951) . The type of tide varies with location; it also may vary periodically with time at any given location. During a diurnal tide, there is one high and one low water level during a tidal day (24 hours| and 50 minutes). During a semidiurnal cycle, there are two highs and two lows per tidal day, with little difference between the corresponding tides on any given day. A mixed tidal cycle also has two highs and two lows, but there is a marked disparity between the heights of the corresponding tides. In a mixed type of tide, the highs and lows are differentiated as: higher high, lower high, higher low, and lower low. The west coast of peninsular Florida, including Charlotte Harbor and the Myakka River, typically has a mixed type of tide.
The range of the tide at a given location is not constant, but varies from day to day. Tides rise higher and fall lower (spring tides) about the times of the new and full moons. The tides rise and fall least (neap tides) during the Moon's first and third quarters. When the Moon is in perigee, or nearest the Earth, the tides rise higher and fall lower. When the Moon is in apogee, or farthest from the Earth, the tides rise and fall least. When the Moon is nearest the Equator, the differences between the two highs or two lows are minimized. When the Moon is at its farthest declination, the differences between two highs or two lows are maximized.
Tides are predicted on the basis of astronomical factors, but they also are influenced by interacting meteorologic, hydraulic, and hydrologic factors, including wind, bottom friction, inertia, and the proximity and magnitude of freshwater inflow. Actual tides may vary substantially from predicted tides because of these interacting factors. Tidalstage characteristics were monitored continuously at three sites in the study reach. The observed characteristics were analyzed and are discussed in this section.
Data Network
Tidal-stage stations were installed on the Myakka River at El Jobean ( fig. 2, station 7) and at Snook Haven ( fig. 2 , station 5) in 1983. The stage station near Laurel ( fig. 2, station  3) , installed in 1985, was originally intended as a discharge station, but was converted to a stage-only station when it became apparent that the site was affected by tidal oscillations during most of the year. Stage was recorded at 15-minute intervals at the El Jobean and Snook Haven stations. Stage was recorded at 1-hour intervals at station 3 near Laurel and at station 2 at the upstream end of the tidal reach at the control. Miscellaneous discharge measurements have been made at station 3 near Laurel, and a stage-discharge rating was developed for station 2 at the control.
Typical tidal patterns for the Myakka River are shown in figures 3,4, and 5. These figures illustrate the mixed-type tide that is characteristic of the Myakka River, Charlotte Harbor, and Florida's southern gulf coast. There is about a 2.5-hour lag between high tide at El Jobean and high tide at Snook Haven. High tide at Laurel occurs about the same time as high tide at Snook Haven. There is about a 3-hour lag between low tide at El Jobean and Snook Haven and about another hour lag between low tide at Snook Haven and the station near Laurel. During periods of low flow, there is a pronounced tidal oscillation at Laurel. During medium flow conditions, only the effects of high tides are apparent in the stage record at Laurel. At the end of March 1987, there was a storm event that produced high freshwater inflow. The effects of high flow on tidal oscillation are very apparent in figure 5 . At Snook Haven, tidal patterns are almost completely drowned out with the passage of the storm flow, and at Laurel, all tidal oscillation is gone. 
Tidal Range
The tidal range is greater at El Jobean than at Snook Haven. Mean range at El Jobean was 2.20 ft for the period of record. At Snook Haven, the mean range for the available period of record was 1.65 ft. During those times when the Laurel gage has a tidal oscillation, the tidal range averages about 0.45 ft. At El Jobean, the minimum and maximum recorded tidal ranges were 0.84 ft and 4.23 ft, respectively; 5 percent of the time, the tidal range was greater than 2.88 ft, and 5 percent of the time, it was less than 1.47 ft. At Snook Haven, the minimum recorded tidal range was 0.32 ft and the maximum was 3.58 ft; 5 percent of the time, the tidal range was greater than 2.25 ft, and 5 percent of the time, it was less than 0.98 ft. At Laurel, the tidal oscillation disappeared completely during high flows; the maximum recorded tidal range was 2.23 ft, but 75 percent of the time, the oscillation was less than 0.59 ft. Tidal backwater may produce a 0.1-to 0.2-ft oscillation in stage at the control near Laurel.
Duration Analyses
Duration analyses of daily maximum stages at the tidal station at the Myakka River at El Jobean ( fig. 2 , station 7) are shown, by month, and for the period of record in table 7. All stages are referenced to National Geodetic Vertical Datum of 1929, called sea level in this report. The highest daily maximum stage at the station occurred in August 1985 as Hurricane Elena passed offshore in the gulf. The median (50th percentile) daily maximum stage is 1.71 ft. Ninety percent of the time, the daily maximum stages were greater than 1.08 ft, and 10 percent of the time, they were greater than 2.21 ft. Only 5 percent of the time was the daily maximum stage greater than 2.38 ft. During the period of record, the highest tides tended to occur between August and November. During May when freshwater inflow is typically the lowest, the daily maximum stages averaged 1.61 ft, slightly less than the period-of-record mean.
SALINITY CHARACTERISTICS
The upstream movement of salty ocean water is driven by the tide and opposed by freshwater inflow. Depending on the relative magnitude of these factors, the river may become stratified because of the density differences between freshwater and saltwater. The degree of stratification is primarily dependent on the effects of buoyant and turbulent forces. Generally, high freshwater inflows increase buoyant forces and result in stratified conditions. Turbulent forces of wind and tide tend to increase mixing and result in partially mixed or well-mixed waters.
In a tidal reach that is highly stratified ( fig. 6A ), the freshwater tends to ride on top of the denser saltwater. Net velocity may be downstream at the surface and upstream at the bottom. At the boundary between the saltwater and freshwater is a zone of shear-induced, local, turbulent mixing that has a net upward circulation. Highly stratified conditions generally exist when freshwater inflow is large in relation to tidal flow.
Under partially mixed conditions ( fig. 6B ), neither buoyant nor turbulent forces dominate. Flow reversals generally occur at both the surface and the bottom during part of the tidal cycle. The transition from freshwater to saltwater occurs over a broad zone rather than at a sharp interface. Turbulent mixing is present over a wide area.
In a tidal reach that is well mixed ( fig. 6C ), there is almost no vertical variation in density, indicating that turbulent mixing predominates with little or no influence of Salinity Characteristicsbuoyant forces. In this situation, freshwater inflow is small in relation to tidal flow. At any given time, flow is unidirectional from top to bottom. The tidal reach of the Myakka River is normally well-mixed. For purposes of this study, the transition from saltwater to freshwater was defined as the location of the vertically averaged 0.5-ppt line of equal salinity. Salinity was calculated from specific conductance using equations from Miller and others (1988, p. 14) . The transition from saltwater to freshwater was observed in the field as far upstream as about 4 mi above Border Road and as far downstream as the bridge at El Jobean. Thus, during 1983-87, the location of the saltwater-freshwater interface ranged over a distance of more than 22 river miles in response to the relative magnitudes of tide and freshwater inflow.
Data Network
To continuously monitor salinity, specific-conductance monitors were installed near mid-depth on the Myakka River at El Jobean ( fig. 2, station fig. 2, station 4) . Specific conductance at these monitoring stations was recorded at 15-minute intervals. Salinity was then calculated from specific-conductance measurements using the equations presented by Miller and others (1988, p. 14) .
Typical salinity patterns associated with low, medium, and high freshwater inflows are shown in figures 7, 8, and 9. The time periods shown are the same as those used for illustrating tidal patterns in figures 3, 4, and 5. During May 1-15, 1985 (fig. 7) , freshwater inflow at the upstream end of the tidal reach is estimated to have been consistently less than 2.0 ft /s. The saltwater-freshwater interface was upstream from Snook Haven for the entire period; at no time was salinity at Snook Haven less than 0.9 ppt. At North Port, salinity remained greater than 15 ppt, and at El Jobean, the salinity remained greater than 25 ppt.
During August 1-15,1986 (fig. 8) , freshwater inflow at the upstream end of the tidal reach ranged from 275 to 425 ft /s. Salinity at Snook Haven was less than 0.5 ppt for the entire period. At North Port, salinity ranged from 0.3 to 1.0 ppt, and every day there was some freshwater flow at the site. Records for the station at El Jobean indicate that salinity ranged from 2.6 to 13.5 ppt and averaged about 7.5 ppt during this period of medium freshwater inflow.
A storm near the end of March 1987 ( fig. 9 ) produced freshwater inflows greater than 2,500 ft /s. As a result of runoff and high inflows, freshwater reached as far downstream as the station at El Jobean on March 31 and April 1. From March 30 to April 11, the salinity at North Port stayed constant at 0.3 ppt. At Snook Haven, salinity was constant at 0.1 ppt.
To complement data from the continuous recording station, vertical profiles of salinity were measured at more Figure 10 shows vertical profiles along the tidal reach that were measured during low, medium, and high freshwater inflow conditions.
Salinity Range
Selected percentiles of daily mean salinities along the tidal reach are listed in table 9 and shown graphically figure 11 . At the Myakka River at El Jobean ( fig. 2, station  7) , the average salinity during the period of record was 16.7 ppt. The maximum recorded salinity was 33 ppt and the minimum was 0.4 ppt. The daily variation in salinity averaged 5.9 ppt, but on some days, the salinity remained fairly constant, and on a few days, the salinity varied more than 20 ppt.
Duration Analyses in
At the station at U.S. Highway 41 near North Port ( fig. 2 , station 6), the average salinity during the period of record was 5.1 ppt. The minimum and maximum salinities recorded were 0.1 and 28.3 ppt. The daily variation in salinity averaged 2.7 ppt, but like the station at El Jobean, on some days, the salinity remained constant, and on a few days, it varied more than 15 ppt.
An extended period with no freshwater inflow during the spring of 1985 resulted in saltwater moving upstream from Snook Haven (fig. 2, station 5) . From June 4 to July 14,1985, daily mean salinity at Snook Haven exceeded 10 ppt and dailymaximum salinities were as high as 17.1 ppt. The salinity patterns of 1985 tended to skew the data so that, even though the computed average salinity for the period of record was 0.91 ppt, the daily mean salinity at the station exceeded 0.2 ppt only 50 percent of the time (table 9) . Seventy-five percent of the time, the daily variation in salinity was less than or equal to 0.2 ppt. Ten percent of the time, the salinity varied more than 2.1 ppt.
The floating gage near Border Road ( fig. 2 , station 4) was installed because of the high salinities recorded at Snook Haven during 1985. During a field survey in July 1985, salinity near Border Road was about 10 ppt. During the 1986 period of record at the gage, however, daily mean salinity exceeded 0.5 ppt only on 3 days, and the highest salinity recorded was 1.0 ppt. Duration analyses of daily maximum salinities at the continuous-record stations are presented in tables 10 through 13. The percentages of time that daily maximum salinities were less than or e^ual to given values are presented by month and for the period of record. The distribution of daily maximum salinities at El Jobean (table 10) and near Border Road (table 13) appear to be fairly syijnmetrical. At North Port (table 11) and Snook Haven Fish Camp (Itable 12), the means are higher than the medians, indicating skewed distributions that are affected by infrequent high salinities.
D Liring the period of record at El Jobean, daily maximum salinity exceeded 11.9 ppt 90 percent of the time, and exceeded 28.3 ppt 10 percent of the time (table 10) . At North Port, the daily maximum was greater than 1.0 ppt 75 percent of the time, but it was greater than 17.2 ppt only 10 percent of the time (table 11) . The daily maximum salinity at Snook Haven was less than 0.60 ppt 75 percent of the time (table 12) ; therefore, saltwater reached as far up stream as Snook Haven less than 25 percent of the time. Saltwater reached upstream to Border Road less than 5 percent of the time (table 13) .
Regression Analysis
Data collected during the vertical-profile measurements ( fig. 10) were used to produce a regression equation relating the fart lest upstream incursion of the 0.5-ppt line of equal salinity Laurel.
to the height of the applicable high tide at El Jobean and struamflow of the Myakka River at the control near Of the 19 field surveys made between 1982 and 1987, only 11 could be used in development of the regression equation. One field survey was made in 1982, prior to installation of the tide gage at El Jobean. Four of the surveys were made in conjunction with general water-quality sampling in Charlotte Harbor and did not locate the farthest upstream incursion of the 0.5-ppt line of equal salinity. During three field surveys in 1985, it was not possible to navigate far enough upstream to locate the transition zone. The regression analysis is subject to limitations. The accuracy of the analysis is limited by the assumption that a steady-state or equilibrium condition has been reached between freshwater inflow, tidal stage, and salinity during the time of the field measurements. The regression analysis is representative of the hydrodynamic configuration that existed during the 1983-87 study period. If there is a modification in the control structure at the upstream end of the tidal reach, or if the channel configuration is changed by water-front construction, then the regression equation may no longer be applicable.
Equation 3, below, defines the relation of the farthest upstream movement of saltwater to high tide and freshwater inflow. The equation was developed using freshwater inflows ranging from 3.25 to 877 ft /s, high tides at El Jobean ranging from 0.57 to 2.27 ft above sea level, and the farthest upstream movement of saltwater ranging from 9.55 to 18.33 river miles above the mouth. The independent parameters are significant at the 1-percent level, the multiple correlation coefficient is 0.98, and the standard error of estimate averages 4.6 percent.
RIVER MILE = 24.7913 * Q'0-153 * TIDEO' 160 (3) where RIVER MILE = location of the farthest upstream incursion of the 0.5-ppt line of equal salinity, in river miles above Cattle Dock Point, Q = daily mean freshwater inflow of the Myakka River at the control near Laurel, in cubic feet per second (from station record or estimated from equations 1 or 2), and TIDE = height of the Japplicable high tide at the Myakka River at El Jobean, in feet above sea level.
Equation 3 was used with observed tidal data at El Jobean and freshwater inflow data at the Myakka River at the control near Laurel to produce an estimate of the farthest upstream incursion of the 0.5-ppt line of equal salinity. Figure 12 shows results of that computation for each day during the period October 1983 to June 1987.
A duration analysis of the location of the farthest upstream movement of the 0.5-ppt line of equal salinity during the period 1983 to 1987 also was derived from the application of equation 3. Results of that duration analysis are presented in table 14. The farthest upstream movement of the saltwater-freshwater interface typically occurs near river mile 14.0, which is about 3 mi upstream from U.S. Highway 41. During the period of record, saltwater is believed to have encroached as far upstream as the control near Laurel, which, because of the control structure, serves as the maximum upstream limit of saltwater incursion. During high streamflow in April 1987, saltwater could not move upstream from river mile 7.0. About 10 percent of the time, the farthest incursion was downstream from river mile 10.6, and about 10 percent of the time, it was upstream from river mile 19.3.
POTENTIAL SALINITY CHANGES DUE TO FRESHWATER WITHDRAWALS
Regression equation 3 was used with observed tidal data at El Jobean and reduced freshwater inflow to evaluate the change in salinity that could result from each of three different levels of freshwater diversion from the Myakka River. Dames and Moore, Inc. (1985) , analyzed the economic and supply feasibility of withdrawing as much as 25 percent of the total available flow of the Myakka River at the upstream border of the Ringling-MacArthur Reserve. (Current regulations of the Southwest Florida Water Management District would not allow total withdrawals to reduce the rate of daily flow by more than 10 percent at any point in the drainage system at the time of withdrawal). In this study, diversions of 5, 10, and 25 percent were evaluated based on two constraints: the remaining eight (8) months. The determination shall be based on available data, or in the absence of such data, it shall be established by reasonable calculations approved by the Board." 2. A maximum withdrawal capacity of 100 ft3/s (based on pipe sizes from Dames and Moore, Inc., 1985) was maintained.
A diversion of 5 percent of freshwater flow at the control near Laurel, in conjunction with maintaining minimum monthly regulatory flows, as defined above, would conform to all current (1990) regulations of the Southwest Florida Water Management District. At this level of diversion, the computed location of the farthest incursion of the 0.5-ppt line of equal salinity would move an average of 0.1 mi upstream and a maximum of 0.3 mi upstream, based on data from the 1983-87 period of record. This computed upstream movement of the saltwater-freshwater interface is smaller than the 4.6 percent standard error of estimate of the regression equation. Based on the 1983-87 period, the volume of water supplied would average 5.4 Mgal/d, but most of the diversion would have to occur in August and September. During 5 months of the year, less than 3 Mgal/d could be diverted.
A diversion of 10 percent of freshwater flow is the maximum that could be allowed under current Water Management District regulations. At a diversion level of 10 percent, the farthest incursion of the 0.5-ppt line of equal salinity would move upstream an average of 0.2 mi and a maximum of 0.7 mi, which is also generally smaller than the standard error of estimate of the regression equation. Based on the 1983-87 period, an average of about 10 Mgal/d could be supplied at this level, with most of the diversion occurring in August and September. During 4 months of the year, less than 5 Mgal/d could be diverted.
A diversion of 25 percent would be more than existing regulations allow. Under this level of withdrawal, the farthest incursion of the 0.5-ppt line of equal salinity would move upstream an average of 0.6 mi and a maximum of 1.9 mi, which is greater than the standard error of estimate of the regression equation. Based on the 1983-87 period, about 20 Mgal/d could be supplied on the average with this level of diversion. Largest withdrawals would have to occur in August and September. During 2 months, less than 10 Mgal/d could be withdrawn.
SUMMARY .2
The Myakka River basin drains 602 mi in west-central Florida. The river is one of the three main tributaries to Charlotte Harbor. Sarasota County is evaluating the Myakka River as a potential source of water for municipal supply. Reducing freshwater inflow to the tidal reach of the Myakka River could alter salinity patterns in the reach, affecting the ecosystem. To evaluate the potential effects on the system, the relation between freshwater inflow, tide, and salinity must be understood.
In the Myakka River, freshwater inflow has a skewed distribution. Mean streamflow at the upstream end of the tidal reach averaged about 340 ft /s, but median flow was 102 ft /s. Twenty-five percent of the time, freshwater inflow at the upstream end of the tidal reach was less than or equal to 8.7 ft /s. There is a 20-percent chance that there will be no flow for 90 consecutive days in any year.
